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(57) ABSTRACT 


A folding, retractable dome for protecting a feature, such as a 
docking mechanism, a hatch or other equipment at an exterior 
surface of a space vehicle, includes a plurality of arcuate ribs, 
each having opposite ends respectively pinioned at opposite 
sides of the feature at the surface of the vehicle for rotational 
movement about an axis of rotation extending through the 
opposite ends and through an arcuate path of revolution 
extending over the feature, and a flexible cover attached to 
each of the ribs such that, in a deployed configuration of the 
dome, in which adjacent ribs are rotated apart from each other 
at a maximum relative angle therebetween, the cover is 
stretched generally tangentially between the adjacent ribs to 
form a generally arcuate shield over the feature, and in a 
retracted position of the dome, in which adjacent ribs are 
rotated together at a minimum relative angle therebetween, 
the cover is collapsed to define folded pleats between the 
adjacent ribs. 

24 Claims, 5 Drawing Sheets 
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FOLDING RETRACTABLE PROTECTIVE 
DOME FOR SPACE VEHICLE EQUIPMENT 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

The invention described herein was made in the perfor- 
mance of work under NASA Contract No. NAS8-01099 and 
is subject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958 (72 Stat.435: 42 U.S.C. 
2457). 

RELATED APPLICATIONS 

This application is related to U.S. application Ser. No. 
10/969,829, filed concurrently herewith, which is incorpo- 
rated herein by reference in its entirety. 

TECHNICAL FIELD 

This invention relates to protective shields for space 
vehicles in general, and in particular, to folding, retractable 
domes for providing thermal and micrometeoroid and orbital 
debris (“MMOD”) protection for docking mechanisms, 
hatches, and other equipment disposed on an exterior surface 
of a space vehicle, space station, space exploration habitat, 
and the like. 

BACKGROUND 

The environment of space is relatively harsh and can sub- 
ject the equipment used on the exterior of space vehicles, 
space stations, and space exploration habitats, such as 
hatches, docking mechanisms, antennae, cameras, sensors 
and the like, to a wide variety of potentially harmful agents, 
including strong thermal radiation and micrometeoroid 
impacts. Consequently, it is frequently desirable to provide a 
protective shield over the affected equipment to ameliorate 
the damaging effects of such elements. Conventional space 
vehicle protective doors and shields are typically generally 
planar in shape and cantilevered to one side of the area of the 
affected equipment when disposed in an open position, and 
can therefore interfere with the openings that they close, or 
the equipment on the surface of the vehicle that they are 
intended to protect, such as a docking ring or an antenna. 

Consequently, a long-felt but as yet unsatisfied need exists 
for a simple, reliable protective cover that can be deployed 
over a docking mechanism, hatch, or other equipment used on 
the surface of a space vehicle to provide at least thermal and 
MMOD protection for the equipment that overcomes the 
disadvantages of conventional doors and shields as discussed 
above. 

BRIEF SUMMARY 

In accordance with exemplary embodiments of the present 
invention, a simple, reliable, foldingly retractable protective 
dome is provided that can be deployed over a docking mecha- 
nism, hatch, or other equipment used on the surface of a space 
vehicle to provide at least thermal and MMOD protection for 
the equipment, and that is capable of being retracted com- 
pletely out of the way of the protected equipment when not in 
use, that overcomes the disadvantages of conventional doors 
and shields as discussed above. 

In accordance with an exemplary embodiment thereof, the 
novel protective dome comprises a plurality of arcuate ribs, 
each having opposite ends respectively pinioned at the sur- 
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face of the vehicle on opposite sides of the feature to be 
protected for rotational movement about an axis of rotation 
extending through the opposite ends and through an arcuate 
path of revolution extending over the feature. A continuous, 
5 flexible cover is attached to each of the ribs in such a way that, 
in a deployed position of the dome, in which adjacent ribs are 
rotated apart from each other at a maximum relative angle 
therebetween, the cover is stretched generally tangentially 
between the adjacent ribs to form an arcuate shield over the 
to feature, and in a retracted position of the dome, in which 
adjacent ribs are rotated together at a minimum relative angle 
therebetween, the cover is collapsed to form folded pleats 
between the adjacent ribs. Advantageously, the flexible cover 
may comprise at least one of a thermal protection blanket and 
15 a micrometeoroid- and debris -resistant barrier for shielding 
of the protected feature. 

In one exemplary embodiment, the arcuate ribs are semi- 
circular in shape, and may have respective radii that are sub- 
stantially the same size, or alternatively, at least one of the ribs 
20 may have a radius that is larger than the respective radii of the 
other ribs. In another alternative embodiment, the ribs may 
advantageously have respective radii that are staggered in 
size, such that the ribs “nest” radially, i.e., are disposed in 
radial alignment with each other when rotated to a common 
25 angle relative to the surface of the vehicle, e.g., when the ribs 
are rotated to the fully retracted position. 

In a “bi-fold” embodiment of the dome, the flexible cover 
of the first embodiment may comprise two parts, each defin- 
ing a portion of an arcuate protective dome, that mate with 
30 each other at, e.g., a vertical plane extending through the 
feature when the dome is deployed. In such an embodiment, 
the dome may include an even number of ribs, half of which 
are disposed on one side of the feature, and the other half of 
which are disposed on an opposite side thereof. 

35 Advantageously, the first embodiment may also include a 
protective annular bezel having an internal radius that is 
larger than the radius of any of the ribs of the dome, which is 
disposed on the surface of the vehicle and aligned generally 
concentrically with the protected feature. The ribs and the 
40 pleated cover can be arranged to reside below an upper 
periphery of the bezel when the dome is frilly retracted. 

A better understanding of the above and many other fea- 
tures and advantages of the embodiments of the present 
invention may be obtained from a consideration of the 
45 detailed description thereof below, particularly if such con- 
sideration is made in conjunction with the appended draw- 
ings, in which like reference numerals are used to identify like 
elements illustrated in one or more of the figures. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a partial cross-sectional elevation view of a 
folding, flexible protective dome in accordance with an exem- 
plary embodiment of the present invention, shown in a 
55 retracted position over a feature on the surface of a space 
vehicle; 

FIG. IB is a partial cross-sectional elevation view of the 
protective dome of FIG. 1A, shown in a deployed position 
over the feature; 

60 FIG. 2A is a partial cross-sectional elevation view of a 
folding, flexible protective dome in accordance with another 
exemplary embodiment of the present invention, shown in a 
retracted position over a feature on the surface of a space 
vehicle; 

65 FIG. 2B is a partial cross-sectional elevation view of the 
protective dome of FIG. 2A, shown in a deployed position 
over the feature; 
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FIG. 3A is a partial cross-sectional elevation view of a 
folding, flexible protective dome in accordance with another 
exemplary embodiment of the present invention, shown in a 
retracted position over a feature on the surface of a space 
vehicle; 

FIG. 3B is a partial cross-sectional elevation view of the 
protective dome of FIG. 3A, shown in a deployed position 
over the feature; 

FIG. 4A is a partial cross-sectional elevation view of a 
folding, flexible protective dome in accordance with another 
exemplary embodiment of the present invention, shown in a 
retracted position over a feature on the surface of a space 
vehicle; 

FIG. 4B is a partial cross-sectional elevation view of the 
protective dome of FIG. 4A, shown in a deployed position 
over the feature; 

FIG. 5A is a partial cross-sectional view of two adjacent 
ribs and a portion of a flexible cover of an exemplary embodi- 
ment of a protective dome of the present invention, showing 
the ribs rotated together at a minimum relative angle therebe- 
tween, and the cover collapsed to form a folded radial pleat 
between the ribs; 

FIG. 5B is a partial cross-sectional view of the ribs and 
cover of FIG. 5A, showing the ribs rotated apart from each 
other at an intermediate relative angle therebetween, and the 
radial pleat in the cover between the ribs partially unfolded; 

FIG. 5C is a partial cross-sectional view of the ribs and 
cover of FIG. 5B, showing the ribs rotated apart from each 
other at a maximum relative angle therebetween, and the 
radial pleat in the cover between the ribs fully unfolded such 
that the cover is stretched generally tangentially between the 
ribs; 

FIG. 6A is a partial cross-sectional view of two adjacent 
ribs and a portion of a flexible cover of another exemplary 
embodiment of a protective dome of the present invention, 
showing the ribs rotated together at a minimum relative angle 
therebetween, and the cover collapsed to form a folded cir- 
cumferential pleat between the ribs; 

FIG. 6B is a partial cross-sectional view of the ribs and 
cover of FIG. 6A, showing the ribs rotated apart at an inter- 
mediate relative angle therebetween, and the circumferential 
pleat in the cover between the ribs partially unfolded; 

FIG. 6C is a partial cross-sectional view of the ribs and 
cover of FIG. 6B, showing the ribs rotated apart from each 
other at a maximum relative angle therebetween, and the 
circumferential pleat in the cover between the ribs hilly 
unfolded such that the cover is stretched generally tangen- 
tially between the ribs; 

FIGS. 7A-7C are perspective views of the protective dome 
of FIGS. 1A and IB in closed, partially closed, and open 
views, respectively; and, 

FIGS. 8A-8C are perspective views of the protective dome 
of FIGS. 3A and 3B in closed, partially closed, and open 
views, respectively. 

Embodiments of the present invention and their advantages 
are best understood by referring to the detailed description 
that follows. It should be appreciated that like reference 
numerals are used to identify like elements illustrated in one 
or more of the figures. 

DETAILED DESCRIPTION 

Four alternative embodiments of a folding, flexible protec- 
tive dome 10 in accordance with the present invention are 
shown in the partial cross-sectional elevation views of FIGS. 
1 A, 2A, 3A and 4A, in which the respective exemplary fold- 
ing domes are shown disposed in a fully retracted, or open. 
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position over a feature 1 on the surface 2 of a space vehicle 3 . 
In the particular embodiments illustrated, the feature to be 
protected comprises an opening 1 in the surface of the vehicle, 
e.g., for a hatch or a docking mechanism (not illustrated), but 
5 it should be understood that the protective domes of the 
present invention are also capable of shielding other types of 
equipment as well, either upstanding from the surface of the 
vehicle or flush-mounted thereon, e.g., a telescope or a win- 
dow. Additionally, if appropriately configured, the protective 
to domes can also function as doors or closures, depending on 
the particular application at hand. 

FIGS. IB, 2B, 3B and 4B are partial cross-sectional eleva- 
tion views of the folding; flexible protective domes 10 of 
FIGS. 1A, 2A, 3A and 4A, respectively, showing the domes 
15 fully deployed, i.e., shut or closed, over the feature 1 to shield 
it. As illustrated in the figures, the respective alternative dome 
embodiments incorporate several common elements, includ- 
ing a plurality of arcuate ribs 12, each having opposite ends 
respectively pinioned at opposite sides of the feature at about 
20 the surface 2 of the vehicle 3 for rotational movement of the 
rib about an axis of rotation 14 (seen end-on in the figures) 
extending through the opposite ends thereof, and through an 
arcuate path of revolution extending over the feature, as indi- 
cated by the arcuate dashed lines therein. In the particular 
25 flexible dome embodiments illustrated in the figures, the 
arcuate ribs 12 are shown as generally semicircular in plan- 
form shape, thereby resulting in protective domes 10 that are 
generally hemispherical in shape when deployed, and hence, 
exhibiting a minimum surface area of dome for a given vol- 
30 ume enclosed thereby. However, as will be appreciated by 
those of skill in the art, other generally arcuate rib shapes are 
possible for the protective domes of the present invention, 
e.g., polygonal, depending on the particular application at 
hand. 

35 In accordance with the several exemplary embodiments of 
the invention, the folding protective domes 10 each further 
comprises a continuous, flexible cover 16 that is attached to 
each of the ribs 12 in such a way that, in the closed, or fully 
deployed position of the dome, as respectively illustrated in 
40 FIGS. IB, 2B, 3B and 4B, in which adjacent ones of the ribs 
are rotated apart from each other at a maximum relative angle 
therebetween, the cover 1 6 is stretched generally tangentially 
between the adjacent ribs to form a generally hemispherical 
shield over the feature, and in the open, or fully retracted 
45 position of the dome, as respectively illustrated FIGS. 1A, 
2A, 3A and 4A, in which adjacent ribs are rotated together at 
a minimum relative angle therebetween, the cover is col- 
lapsed to form either radial or circumferential folded pleats 
18 between the adjacent ribs, as described in more detail 
50 below. 

In the protective dome 10 embodiment illustrated in FIGS. 
1A and IB, the semicircular ribs 12 have respective radii 20 
that are substantially the same size, such that, in the retracted 
position of the dome, as illustrated in FIG. 1A, the ribs are 
55 circumferentially “stacked” adjacent to each other, with a 
relatively small relative rotational angle between adjacent 
ribs, and with the pleats 18 of the flexible cover 16 extending 
radially inward toward the axis of rotation 14 of the ribs. It is 
also possible, of course, to arrange the pleats of the cover such 
60 that they extend radially outward, or in yet another embodi- 
ment, in alternating radial directions. 

A similar embodiment of the folding dome 1 0 is illustrated 
in FIGS. 3 A and 3B, except that in this “bi-fold” embodiment, 
the flexible cover 16 comprises two parts, each defining a 
65 portion, e.g., a half, of the generally hemispherical shield 
formed over the protected feature 1 when the dome is 
deployed, as illustrated in FIG. 3B. The semicircular ribs 12 
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of this embodiment, in addition to having respective radii 20 
that are substantially the same in size, are also even in num- 
ber, with half of the ribs being disposed on one side of the 
feature 1, and the other half being disposed on an opposite 
side thereof, such that during deployment of the dome, the 5 
two portions of the cover 16 mate with each other at a sagital, 
or vertical plane 22 extending through the feature, as illus- 
trated in FIG. 3B. To facilitate such a mating of the two 
portions, it may be desirable to pinion the respective ribs 12 in 
each of the two aliquot sets of ribs about two parallel, adjacent to 
axes of rotation 14A and 14B, as illustrated. As may be seen 
by a comparison of FIGS. 1A and 3A, the bi-fold embodiment 
of the dome of FIG. 3 A can result in a reduced height of the 
dome above the surface 2 when it is retracted, when compared 
to that of the “single-fold” dome of FIG. 1A. 15 

In the flexible dome 10 embodiment illustrated in FIGS. 

2A and 2B, the ribs 12 have respective radii 20 that are 
staggered in size, such that the ribs “nest” radially within each 
other, i.e., are in radial alignment with each other, when 
rotated to a common angle relative to the surface 2 of the 20 
vehicle 3, e.g., when the ribs are rotated to the fully retracted 
position, as illustrated in FIG. 2A. As may be seen in this 
figure, the pleats 18 of the flexible cover 16 of the dome 
extend in the circumferential direction when folded. It may be 
noted that, in this embodiment, the contour of the dome when 25 
deployed is similar to that of a portion of the spiral shell of a 
nautilus, rather titan being strictly hemispherical, as in the 
protective domes 10 of FIGS. IB and 3B described above, due 
to the staggered radii sizes of the ribs. 

As in the case of the “equi-radial” flexible domes of FIGS. 30 
1A and 3A above, it is possible to confect a bi-folding pro- 
tective dome 10 having nesting ribs 12, as illustrated in FIGS. 

4A and 4B. As in the equi-radial bi-fold embodiment above, 
the flexible cover 16 comprises two parts, each defining a 
portion, e.g., a half, of the generally hemispherical shield 35 
formed over the feature when the dome is deployed, as illus- 
trated in FIG. 4B. 

The ribs 12 of this embodiment, in addition to having 
respective radii 20 that are staggered in size, are also even in 
number, with half of the ribs being disposed on one side of the 40 
feature 1, and the other half being disposed on an opposite 
side thereof, such that during Hill deployment of the dome 10, 
the two portions of the cover 16 mate with each other at a 
vertical plane 22 extending through the feature, as illustrated 
in FIG. 4B. As in the equi-radial bi-fold embodiment of FIGS. 45 
3A and 3B above, it may be desirable to pinion the opposite 
ends of the respective ribs 12 in each of the two sets about two 
separate, parallel, adjacent axes of rotation 14A and 14B, as 
illustrated, to facilitate the mating of the two parts of the dome 
at the vertical plane 22 when deployed. Alternatively, the 50 
outermost rib of one set of the ribs can be made slightly larger 
than the outermost rib of the other set of ribs, such that the two 
portions of the dome slightly overlap circumferentially when 
the dome is deployed. Also, as may be seen by a comparison 
of FIGS. 2A and 4A, the bi-fold embodiment of the dome of 55 
FIG. 4A can result in a substantially reduced diameter of 
dome when in the Hilly retracted position than the single-fold 
protective dome of FIG. 2A. 

The unfolding of a radial pleat 18 of the flexible cover 16 of 
a flexible dome 10 having ribs 12 of the same size, such as 60 
those illustrated in FIGS. 1A and 3A, is illustrated sequen- 
tially in FIGS. 5A-5C. In the partial cross-sectional view of 
FIG. 5A, two adjacent ribs 12 of the dome are shown in the 
retracted position of the dome, in which the two ribs are 
rotated together circumferentially at a minimum possible 65 
relative angle therebetween, such that the cover 16 is col- 
lapsed between the two ribs to form at least one folded. 
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radially extending pleat 18. In FIG. 5B, the two ribs are shown 
rotated apart from each other at an intermediate relative angle 
therebetween, such that the radial pleat 18 in the cover 16 is 
partially unfolded. In FIG. 5C, the two adjacent ribs 12 are 
shown rotated apart from each other at a maximum relative 
angle therebetween, i.e., fully deployed, with the radial pleat 
in the cover between the ribs being fully unfolded such that 
the cover 16 is stretched to extend generally tangentially 
between the two ribs. 

The unfolding of a pleat 18 of the flexible cover 16 of a 
flexible dome 1 0 having ribs 12 with staggered-sized, nesting 
radii 20, such as those illustrated in FIGS. 2 A and 4 A, is 
illustrated sequentially in FIGS. 6A-6C. In the partial cross- 
sectional view of FIG. 6A, two adjacent ribs 12 of the dome 
are shown in the retracted position, in which the two ribs are 
rotated together at a minimum possible relative angle ther- 
ebetween, i.e., such that they are generally coplanar, and the 
cover 16 is shown collapsed between the two ribs to form at 
least one folded, circumferentially extending pleat 18. In FIG. 
6B, the two ribs are shown rotated apart from each other at an 
intermediate relative angle therebetween, such that the cir- 
cumferential pleat 18 in the cover 16 is thereby partially 
unfolded. In FIG. 5C, the two adjacent ribs 12 are shown 
rotated apart from each other at a maximum relative angle 
therebetween, i.e., fully deployed, with the circumferential 
pleat in the cover between the ribs being fully unfolded, such 
that the cover 16 is stretched generally tangentially between 
the ribs. 

The flexible cover 1 6 of the above exemplary embodiments 
of protective domes 10 may be confected of a wide variety of 
materials, e.g., a resilient elastomer, such as polyurethane, 
which optionally may be reinforced with a metal, glass or 
carbon-fiber cloth or mesh. Advantageously, the cover may be 
coated with or confected to incorporate at least one of a 
thermal protection blanket and a micrometeoroid- and debris- 
resistant barrier for shielding purposes. Additionally, in the 
particular embodiments illustrated, the flexible cover is 
shown attached to each of the ribs 12, which are shown to 
incorporate a circular cross-section, with a loose, annular 
sleeve about the rib, so that the ribs rotate freely relative to the 
cover without binding during deployment and retraction. 
However, many other forms of rib cross-sectional shapes and 
cover attachments are possible. For example, the ribs can 
comprise flattened, elongated bands, and the cover can incor- 
porate a plurality of small, alternating, accordion-type pleats 
between adjacent ribs. Similarly, the ribs 12 need not neces- 
sarily be semicircular in shape, but may have other shapes as 
well, e.g., polygonal, to accommodate features 1 of different 
shapes. However, it should be understood that the resulting 
shape of the dome, when deployed, will generally not be 
hemispherical, and accordingly, that the ratio of the surface 
area of the resulting dome to the volume enclosed by it will 
not be minimized. 

As illustrated in FIGS. 1A-4B, the flexible protective 
domes 10 of the present invention may further advanta- 
geously comprise a protective annular bezel 24. The bezel 
may include an internal radius larger than the radius of any of 
the fibs of the dome 10, be disposed on the surface 2 of the 
vehicle 3, and be aligned generally concentrically with the 
feature 1 protected by the dome. The height of the bezel can 
be selected such the ribs 12 all reside below an upper periph- 
ery 26 of the bezel when the dome is frilly retracted, and the 
bezel thus functions to protect the components of the 
retracted dome from traffic on the surface of the vehicle in the 
vicinity of the feature. 

In FIGS. 7A-7C, the protective domes of FIGS. 1A and IB 
are shown in the closed (i.e., shut or deployed), partially 
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closed, and open (i.e., retracted) positions, respectively. In 
FIGS. 8 A- 8 C, the protective dome of FIGS. 3A and 3B are 
shown in the closed, partially closed, and open positions, 
respectively. 

By now, those of skill in this art will appreciate that many 5 
modifications, substitutions and variations can be made in 
and to the materials, apparatus, configurations and methods 
of implementation of the present invention without departing 
from its spirit and scope. Accordingly, the scope of the present 
invention should not be limited to the particular embodiments to 
illustrated and described herein, as they are merely exemplary 
in nature, but instead, should be fully commensurate with that 
of the claims appended hereafter and their functional equiva- 
lents. 

What is claimed is: 

1. A folding retractable covering on a space vehicle for 
protecting a feature disposed on an exterior surface of the 
vehicle, wherein the covering comprises: 

a plurality of semicircular ribs, each having opposite ends ., (| 
respectively pinioned at opposite sides of the feature at 
about the exterior surface of the vehicle for rotational 
movement about an axis of rotation extending through 
the opposite ends thereof and through a hemispherical 
path of revolution extending over the feature; a continu- , - 
ous, flexible cover attached to each of the ribs in such a 
way that, in a fully deployed position of the covering, in 
which adjacent ribs are rotated apart from each other at 
a maximum relative angle therebetween, the cover is 
stretched generally tangentially between the adjacent 30 
ribs to form a generally hemispherical shield over the 
feature, and in a hilly retracted position of the covering, 
in which adjacent ribs are rotated together at a minimum 
relative angle therebetween, the flexible covering is col- 
lapsed to form a plurality of folded pleats of substan- 35 
tially the same size, each disposed between a respective 
pair of adjacent ribs; an annular bezel disposed on the 
exterior surface of the vehicle and aligned generally 
concentrically with the feature; and each rib having an 
external periphery larger than the external periphery of 40 
the feature and smaller than the internal periphery of the 
bezel. 

2. The covering of claim 1, wherein the fibs have respective 
radii that are substantially the same size. 

3. The covering of claim 2, wherein the folded pleats 45 
extend radially inward toward the axis of rotation of the ribs 
when the covering is fully retracted. 

4. The covering of claim 1, wherein the ribs have respective 
radii that are staggered in size such that the ribs are nested in 
radial alignment with each other when rotated at a common 50 
angle relative to the surface of the vehicle. 

5. The covering of claim 1, wherein the flexible cover 

comprises two parts, each defining a portion of the generally 
hemispherical shield formed over the feature when the cov- 
ering is fully deployed. 55 

6 . The covering of claim 5, wherein an outermost rib of one 

of the two parts is slightly larger than an outermost rib of the 
other part such that the two portions of the hemispherical 
shield overlap circumferentially when the covering is fully 
deployed. 60 

7. The covering of claim 5, wherein the two parts of the 
cover mate with each other at a vertical plane extending 
through the feature when the covering is fully deployed. 

8. The covering of claim 7, wherein the plurality comprises 
an even number, and wherein half of the ribs are disposed on 65 
one side of the feature, and the other half are disposed on an 
opposite side thereof. 
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9. The covering of claim 1, wherein the ribs and the folded 
pleats reside below an upper periphery of the bezel when the 
covering is fully retracted. 

10. The covering of claim 1, wherein the flexible cover 
comprises at least one of a thermal protection blanket and a 
micrometeoroid and orbital debris resistant barrier. 

11. A folding retractable covering on a space vehicle for 
protecting a feature disposed on an exterior surface of the 
vehicle, wherein the covering comprises: 

a plurality of arcuate ribs, each having opposite ends 
respectively pinioned at opposite sides of the feature at 
about the surface of the vehicle for rotational movement 
of the rib about an axis extending through the opposite 
ends and through an arcuate path of revolution extending 
over the feature; a continuous, flexible cover attached to 
each of the ribs in such a way that, in a fully deployed 
position of the covering, in which adjacent ribs are 
rotated apart from each other at a maximum relative 
angle therebetween, the cover is stretched generally tan- 
gentially between the adjacent ribs to form an arcuate 
shield over the feature, and in a fully retracted position of 
the covering, in which adjacent ribs are rotated together 
at a minimum relative angle therebetween, the flexible 
cover is collapsed to form a plurality of folded pleats of 
substantially the same size, each disposed between a 
respective pair of adjacent ribs; a bezel disposed on the 
exterior surface of the vehicle and aligned generally 
concentrically with the feature; and each rib having an 
external periphery larger than the external periphery of 
the feature and smaller than the internal periphery of the 
bezel. 

12. The covering of claim 1 1, wherein the ribs are substan- 
tially the same size. 

13. The covering of claim 11, wherein the ribs are stag- 
gered in size such that the ribs are nested in radial alignment 
with each other when rotated at a common angle relative to 
the surface of the vehicle. 

14. The covering of claim 11, wherein the flexible cover 
comprises two parts, each defining a portion of the arcuate 
shield formed over the feature when the covering is fully 
deployed. 

15. The covering of claim 14, wherein the two parts of the 
flexible cover mate with each other at a vertical plane extend- 
ing through the feature when the covering is fully deployed. 

16. The covering of claim 15, wherein the plurality com- 
prises an even number, and wherein half of the ribs are dis- 
posed on one side of the feature, and the other half are dis- 
posed on an opposite side thereof. 

17. The covering of claim 14, wherein an outermost rib of 
one of the two parts is slightly larger than an outemiost rib of 
the other part such that the two portions of the arcuate shield 
overlap circumferentially when the covering is fully 
deployed. 

18. The covering of claim 11, wherein the ribs and the 
folded pleats reside below an upper periphery of the bezel 
when the covering is fully retracted. 

19. The covering of claim 11, wherein the flexible cover 
comprises at least one of a thermal protection blanket and a 
micrometeoroid and orbital debris resistant barrier. 

20. The covering of claim 11, wherein the ribs are generally 
semicircular in shape. 

21 . A method for protecting a feature disposed on an exte- 
rior surface of a space vehicle, the method comprising: 

disposing a protective bezel on the exterior surface of the 
space vehicle and aligned generally concentrically with 
the feature; 
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attaching opposite ends of a plurality of generally arcuate 
ribs to respective ones of a pair of pivot points respec- 
tively disposed on opposite sides of the feature, each rib 
having an external periphery larger than the external 
periphery of the feature and smaller than the internal 
periphery of the bezel; 

attaching a flexible cover to each of the ribs; and, pivoting 
the ribs about the pivot points such that, in a closed 
position, the ribs stretch the cover into a generally arcu- 
ate protective covering over the feature, and in an open 
position, the ribs fold the cover into a plurality of pleats 
of substantially the same size, each disposed between a 
respective pair of adjacent ribs, and the ribs nest in radial 
alignment with each other at the exterior surface of the 
space vehicle. 

22. The method of claim 21, wherein attaching the ribs to 
the pivot points comprises: 

providing two groups of the ribs, each covered by a portion 
of the flexible cover; and, 


10 

attaching the opposite ends of the respective ribs of the two 
groups to respective ones of two pairs of pivot points 
respectively disposed on opposite sides of the feature 
such that, 

5 a rib of each group engages a rib of the other group at a 
plane extending through the feature when the ribs are in 
the closed position, and 

the ribs of each group respectively nest in radial alignment 
with each other at the surface of the vehicle and on 
to opposite sides of the feature when the ribs are in the open 

position. 

23. The covering of claim 1, wherein the folded pleats 
extend in a circumferential direction when the covering is 
frilly retracted. 

15 24. The method of claim 21, wherein the ribs and the folded 

pleats reside below an upper periphery of the bezel when the 
covering is fully retracted. 



